In this article, polyamide 6(PA6)/organoclay masterbatch were prepared by melt mixing, and then acrylonitrile-butadiene-styrene(ABS)/polyamide 6(PA6)(70/30,w/w) nanocomposites were prepared by the melt mixing of PA6, ABS and organoclay. The effect of organoclay platelets on morphology and mechanical properties of ABS/PA6/organoclay ternary nanocomposites had been investigated by wide angle X-ray diffraction (WAXD) and transmission electron microscopy (TEM), scanning electron microscopy (SEM) and mechanical properties testing. Morphology analysis revealed that organoclay platelets were selectively dispersed and exfoliated in PA6 phase, but some were located in interface of PA6 and ABS phase. The droplet size of PA6 dispersed phase were gradually reduced less than 4 phr organoclay, then the dispersed domain size became unchanged with the addition of various organoclay. It suggested the organoclay can compatibilize the ABS/PA6 blend nanocomposite. Moreover, the flexural strength and modulus increase with increasing organoclay content, but the tensile strength became maximal at 3 phr organoclay. The organoclay has no effect on impact strength of ABS/PA6 blend nanocomposite.
Introduction
Polymer nanocomposites, especially polymer/clay nanocomposites have been of great commercial interest since the past decade. The greatest improvement comes with exfoliated samples, with the exception of flammability properties, where both intercalated and exfoliation materials seem to have the same influence. Although many polymers have been used to prepare nanocomposites with layered silicates, little work has been carried out on nanocomposites based on polymer blend systems [1] [2] [3] [4] [5] [6] [7] [8] . Blend of polyamide 6 (PA6) and acrylonitrile-butadienestyrene (ABS) are of significant commercial interest [9] [10] [11] [12] . ABS consists of butadiene rubber dispersed in a matrix of styrene-acrylonitrile copolymer (SAN). The rubber phase can improve the low temperature toughness of PA6 and the SAN phase provides stiffness when blending ABS with PA6. However, the incorporation of ABS in PA6 will degenerate the thermal stability of the material because of the relatively low glass transition temperature of ABS compared to the melting temperature of PA6. So it is expected that the addition of small amount of nanoclays to the PA6/ABS blend system improve its mechanical and thermal properties as well as its flame retardant behavior without hampering its processability. Some reports about PA6/ABS blend-based nanocomposites have been published recently. These reports mainly focused on the study of thermal and impact properties of PA6/clay nanocomposites blended with ABS [13, 14] , dynamic mechanical properties [15] , effect of microcompounding process parameters on properties of ABS/PA6 blends filled with OMMT [16, 17] , fractionated crystallization and electrical conductivity of carbon-nanotube filled PA6/ABS nanocomposites [18, 19] .
In our previous study [20, 21] , we have shown that the organoclay selectively located in PA6 phase for PA6/ABS(70/30,w/w) via PA6/Organoclay and ABS/Organoclay masterbatches. The organoclay particles was exfoliated in PA6 phase and then a little exist in interface. Moreover, the dispersed domain size reduced with the addition of organoclay, especially ABS/Organoclay masterbatch. The organoclay enhanced strength and stiffness of materials.
In this present work, ABS/PA6(70/30,w/w) composites were prepared with organoclay via PA6/Organoclay masterbatch. The mechanical properties and the morphology of wide-angle X-ray diffraction (WAXD) technique, transmission electron microscopy (TEM), scanning electron microscope (SEM), mechanical tests. Studies on these simple blends and nanocomposites provide a basis for a better understanding of the structure-properties correlation in multicomponent ABS/PA6 nanocomposites.
Results and discussion

Dispersion of organoclay in the ABS, PA6 nanocomposites
To investigate the dispersion and preference of the organoclay, Fig. 1 shows the WAXD patterns of organoclay, ABS/Organoclay(100/5,w/w) and PA6/Organoclay(100/5,w/w), corresponding to TEM images.
The pure organoclay shows the (001) diffraction at 2θ=3.52°, corresponding to an interlayer spacing of 2.53 nm.
For the ABS/Organoclay(100/5) composites, the characteristic (001) peak of the clay was shifted to 2θ=2.36°(corresponding to a dspacing of 3.69 nm), which indicates that some ABS molecular chains were intercalated between the clay galleries forming an intercalated structure( Fig.1(a) ).
Moreover, the WAXD did not show any clay diffraction peaks for the PA6/Organoclay(100/5) composites, suggesting that the clay platelets were completely exfoliated in the PA6 phase ( Fig.1(b) ).
The WAXD and TEM results indicate that the clay has a higher affinity with PA6 than ABS. Therefore, clay may selectively locate in the PA6 phase in the blend nanocomposites. It will be proved that analysis and observation of phase morphology in ABS/PA6/Organoclay ternary nanocomposites.
Dispersion of organoclay in the ABS/PA6 nanocomposites
For two-phase immiscible polymer blend/clay nanocomposites, such as ABS/PA6 with organoclay, the properties of the nanocomposites greatly depend on the morphology of clay in the polymer blend matrices, so it is important to elucidate the clay dispersion and distribution in the blend to understand the mechanism for the blend morphological change on the addition of clay. Fig. 2 shows the WAXD profiles of the pure organoclay and the nanocomposites of ABS/PA6(70/30) blend. All the nanocomposites contained 1, 3, 5, 7 phr organoclay. As indicated in Fig. 2 , the WAXD profile of the ABS/PA6 blend nanocomposite was the same as that of the PA6 nanocomposite and no diffraction peaks were detected. TEM observations of the location of the organoclay depending on the amount of organoclay were made in order to gain a further understanding of the effect of organoclay on the morphology. Fig. 3 shows the TEM images of the nanocomposites of ABS/PA6(70/30,w/w) nanocomposite containing 1, 3, 5, 7 phr organoclay after staining with OsO 4 to improve the phase contrast. The white part corresponds to the PA6 phases and the gray part is the SAN phase and the black particles dispersed in the SAN phase correspond to the butadiene rubber phase. The black lines correspond to organoclay platelets. As shown in Fig. 3 , when the amount of organoclay is very small, the thin clay platelets are initially observed at the interface and in PA6 phase. Moreover, clay platelets become more dispersed in the PA6 phase and interfacial profiles in two phase as its amount increases (Fig. 3(c) and (d)). Clay platelets located in PA6 phase. The reason is that high affinity between the organoclay and PA6 phase.
The TEM results are consistent with the WAXD data shown in Fig. 2 . Fig. 4 shows the SEM microphotographs of ABS/PA6(70/30, w/w) blends with various amounts of the organoclay after extraction with formic acid. The black hole corresponds to PA6 phase. PA6 domain size is higher without the addition of organoclay. Interestingly, it can be seen that the dispersed domain size tend to decrease less than 4 phr organoclay. However, the PA6 domain size is unchanged more than 4 phr organoclay. On the basis of SEM microphotographs, the plot of Dn and Dvs versus the amount of the organoclay is shown in Fig. 5 . As shown in Fig. 5 , a decrease in D was found at lower amounts of the organoclay, and then a unchanged decrease in D was observed with further increase in the amount of the organoclay. This suggests that the organoclay has compatibiliztion for ABS/PA6 composites when the concentration of the organoclay is lower. The reduction in dispersed domain size mainly originates from the suppression of coalescence, and then the modification of interfacial tension located in interface two phases.
Phase morphology of the ABS/PA6 nanocomposites
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Mechanical properties
In order to assess the effect of organoclay on mechanical properties of ABS/PA6 blends, tensile strength, flexural strength, flexural modulus and notched impact strength were measured.
The effect of organoclay content on the tensile properties of ABS/PA6 composites is shown in Fig. 6(a) . It can be seen that the tensile strength decreases when the concentration of organoclay is over 3 phr. As shown in Fig. 6(b) , the flexural strength and modulus increase with increasing organoclay content.
The reinforcement effects depend on four factors with respect to organoclay: rigidity, aspect ratio, the affinity with the matrix polymer, and degree of exfoliation [22] . According to Liu et al. [23] and Wang et al. [24] , generally the enhancing effect of the organoclay on stiffness and strength was due to the higher modulus of organoclay as compared to polymer. These improvements are also related to the degree of exfoliation of clay in the polymer matrix and high aspect ratio of platelet structure possibly because it increases the interaction between clay and polymer.
In this work, PA6/Organoclay (2:1,w/w) was firstly mixed, then was mixed with ABS. The organoclay lamellar is selectively dispersed in PA6 phase, especially the PA6 is dispersed phase. The degree of exfoliation of organoclay platelet increase in the PA6 phase with the addition of organoclay. At the same time, organoclay partly resided in the interface and improved interfacial adhesion. Moreover, organoclay has higher stiffness when compared with polymer. This suggests that organoclay enhances the strength and stiffness of ABS/PA6 composites. 6(c) shows that a higher impact strength value was observed for ABS/PA6 composite at organoclay <3 phr and showed a maximum at 2 phr organoclay. The impact strength value decreased when the concentration of organoclay further increased. At 7 phr organoclay, the impact strength value was lower compared to neat ABS/PA6 composites. The dispersed phase particles were refined and interfacial adhesion of ABS/PA6 blends was enhanced by adding organoclay. So organoclay has compatibiliztion for ABS/PA6 composites when the lower organoclay content. These are beneficial to the toughness of composites. However, organoclay also has a deleterious effect on matrix toughness. This is because exfoliation of the organoclay hinders the local chain motions of polymer molecules that enable them to shear yield. The hindering process can sharply decrease the impact resistance of the materials. The toughness of ABS/PA6/Organoclay nanocomposites depends on the competition between the advantages due to better adhesion (and dispersity) and the disadvantages due to the loss of inherent toughness of the matrix [25] . Moreover, a significant volume fraction of ABS/PA6(70/30,w/w) blends can dissipate stress through the shear yielding or crazing mechanism when the organoclay was highly added in ABS/PA6(70/30,w/w) blends. The total ability of the material to dissipate the stress is therefore decreased. On the basis of the effects, ABS/PA6 composites' impact strength increased when the concentration of the organoclay is less than 2 phr. However, the higher content organoclay can result in poor impact strength of ABS/PA6 composites.
Rheological Behaviors
The viscosity of the ABS/Organoclay and PA6/Organoclay nanocomposites can be reflected indirectly by the fusion torque and the results are shown in Figure 7 . As can be seen, the fusion torque of the PA6/Organoclay nanocomposites increased slowly with increasing amount of organoclay. With increasing organoclay content, the fusion torque of ABS/Organoclay blends linearly increases. Therefore, the selective localization of organoclay in the PA6 phase changes the viscosity ratio of the ABS and PA6 phases. Moreover, the SEM images reveal the addition of organoclay led to a decrease in the dispersed phase domain size and reduce the interfacial tension. More importantly, the exfoliated silicate layers disperse around the PA6 phase and high aspect ratio of the organoclay platelets prevent the coalescence of PA6 domains during melt mixing, leading to the reduction level of PA6 domain size and a uniform dispersion of PA6 domain in the ABS matrix. So the change of the morphology of ABS/PA6 blends is probably due to the combined action of several factors above. 
Conclusions
The dispersion of organoclay, phase morphology and mechanical properties of ABS/PA6 composite containing organoclay had been investigated in this paper. Organoclay was firstly mixed with PA6, but the platelet selectively dispersed in PA6 phase when mixed with ABS phase. A fully exfoliated morphology was formed. The results indicate that these exfoliated clay morphology was also predominant in blends of PA6 with ABS. At the same time, a certain part of the organoclay platelets remain in the interface ABS/PA6 compostie. According to SEM images, An organoclay played an important role in the dispersed domain sizes in the blends of ABS/PA6 composites. It was evident that the addition of organoclay greatly reduced the PA6 domain sizes at 4 phr organoclay. The organoclay enhanced the strength and stiffness of ABS/PA6 composite. However, it has no effect on impact resistance of the materials.
Experimental
Materials
Polyamide 6 used in this work was a commercial polymer PA6-1013B supplied by Ube Co., Japan. ABS copolymer (PA757) was supplied by Chimei Chemic Ltd. Organoclay (trade name is DK2) was supplied by Zhejiang FengHong Clay Co. Ltd. (China). Organo-modifier is methyl tallow bis(2-hydroxyethyl) ammonium and DK2 has the cation exchange capacity in order to increase the gallery spacing of the original Na 
Characterizations
The d spacing of the layer structure of the organoclay itself as well as that in ABS/PA6 nanocomposites was examined by a wide-angle X-ray diffractometer (WAXD) at 40 kV and 30 mA (Rigaku D/Max-2200, Rigaku Co., Japan), using a graphite monochrometer-filtered Cu-Kα radiation source. The scanning angle 2θ range was 1-10°with a scanning rate of 1°/min.
The dispersion of organoclay within the blend matrix was examined by transmission electron microscopy (TEM) using a JEOL model JEM-200CX(JEOL Ltd., Japan) apparatus operating at an accelerating voltage of 120 kV. Ultrathin sections (60~80 nm) were cut from Izod bars perpendicular to the flow direction under cryogenic conditions using a LKB-5 microtome (LKB Co., Switzerland). Osmium tetroxide (OsO 4 ) was used to stain the unsaturated rubber phase in ABS. This involved in exposing the sections to a 2% aqueous solution of OsO 4 for 12 h at least.
The blend morphology was examined by scanning electron microscopy (SEM) using a KYKY-2800 microscope (KYKY Co., Beijing, China) apparatus operating at an accelerating voltage of 25 K. Sample surfaces were prepared by cryogenic fracture in liquid nitrogen. The morphology of the blends was examined by etching the surface PA6 with formic acid at room temperature, followed by careful washing of the surface with deionized water. After room-temperature drying of the surface under vacuum for the specimens and gold sputtering, the samples were examined. To quantitatively analyze the morphology of the fractured surface of the sample, the number-average (Dn) and the volume-to-surface area average (Dvs) domain diameters were obtained with image analyzing software (Image-Pro, Media Cybernetics Inc.). Dn and Dvs were obtained by using the following relation where, N is the total number of disperse domains, more than 200 drops from multiple SEM images were analyzed for accurate statistical samplings.
The tensile and flexural tests were performed in a universal testing machine (WDW-10C, Shanghai Hualong test instruments Co., Ltd.) according to ASTM D-638 and ASTM D-790. The dog-bone-shaped specimens were prepared by injection molding using a injection molding machine (CJ80M3V, Chen De Plastics Machinery Co., Ltd.); crosshead speed was set up at 50 mm/min for tensile test and 2 mm/min for flexural test. For each specimen, the data reported were the average of five to seven specimens.
Notched Izod impact tests were performed on a ZBC-4 Impact Pendulum (Shenzhen SANS, China) in 23 0 C according ASTM D-256 standard. The notches (depth 2.5mm and radius 0.25mm) were machined after injection molding. Experimental errors were calculated from five specimens for impact tests. The average deviations based on five specimens were of the order of 5%.
The fusion torque of ABS/Organoclay and PA6/Organoclay nanocomposites were obtained in a Haake PolyLab 2000 torque rheometer (Thermo Electron Co., Germany) equipped with an electrically heated mixing head and two noninterchangeable rotors. The processing temperature, rotor speed, and blending time were set at 250 0 C, 50 rpm, and 10 min, respectively.
